SEP 06 '05 05:34PM HARNESS. DICKEY & PIERCE 



P. 22/95 



AMENDMENTS TO THE DRAWINGS 

The attached "Replacement Sheets" of drawings include changes to Figures 1> 2, 
and 3a. The attached "Replacement Sheets," which include Figures 1, 2, and 3a, replace 
the original sheets including Figures 1 , 2, and 3a. 

Attachment: Replacement Sheets 
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REMARKS 

Claims 1-10 and 15-16 ar© currently pending in the application. Independent claim 
1 has been amended to distinguish the claimed Invention over the cited references. 
Claims 2-7 and 10 have been amended to correct typographical errors, and are thus not 
limiting amendments. Claims 11-14 have been cancelled and claims 15-16 have been 
added. The Examiner is respectfully requested to reconsider and withdraw the rejections 
in view of the amendments and remarks contained herein. 

SPEClFiCATlON 

Applicants have amended the specification to fix typographical errors, include 
reference numerals, and Include paragraph numbers. No new matter has been added. 
For the Examiner's convenience, a substitute specification is attached. 

Drawings 

Rgures 1 , 2, and 3a were simply modified to fix typographical errors and to include 
missing reference numerals. 

Rejection Under 35 U.S,C. S 103 

Claims 1, 11, and 12 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Park et al. (U.S. Pat. No. 5,872,771, hereinafter "Park") in view of 
Keshav ("An Engineering Approach to Computer Networking," 1997, hereinafter 
"Keshav''). Claims 11 and 12 have been cancelled, rendering their rejections moot, while 
the rejection with respect to claim 1 is respectfully traversed. 
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Park does not show a *^irst effective envelope associated with arriving traffic," a 
"second effective envelope associated with admitted traffic," or a "service curve by 
measuring departing traffic," as claim 1 recites. The scalar values that Park uses in 
admission control, such as cell loss rate, are not the same as the effective envelopes and 
service curve of the present invention, if only because the scalar values are not "functions 
of a time inten/al variable," as claim 1 recites- 

Keshav teaches that "integrated service networks" are "likely to cost less than 
networks that provide a single quality of service." The present invention is applicable not 
only to integrated service networks, but to differentiated service networks and Multi- 
protocol Label Switching. A teaching in favor of integrated service networks is irrelevant 
to an approach that applies equally to other types of network. Additionally, nothing 
Applicants are aware of in Keshav suggests using effective envelopes or service curves 
in admission control. 

Applicants believe that new claims 14 and 15 are in condition for allowance, as 
they depend from base claim 1, which Applicants believe to be allowable. 

Claims 2-8 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Park in view of Keshav in further view of Liebeherr et al. ("Effective Envelopes: Statistical 
Bounds on Multiplexed Traffic in Packet Networks," hereinafter "Liebeherr"), This 
rejection is respectfully traversed. 

Liebeherr does not correct the deficiencies of Park as they relate to base claim 1, 
Accordingly, Applicants respectfully request that the Examiner withdraw the rejection. 
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Claims 9 and 10 stand rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Park in view of Keshav in further view of Cruz et aL ("Scheduling for Quality of 
Service Guarantiees via Service Curves," hereinafter "Cruz"). This rejection is 
respectfully traversed. 

Cruz does not correct the deficiencies of Park as they relate to base claim 1, 
Accordingly, Applteants respectfully request that the Examiner withdraw the rejection. 

Claim 13 stands rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Park in view of Keshav in further view of Mo et al. (U.S. Pat. No. 6,693,909). Claim 14 
stands rejected under 35 U.S.C. § 103(a) as being unpatentable over Park in view of 
Keshav in further view of Taylor (U.S. Pat No. 5,664,1 70). As Applicants have cancelled 
claims 13 and 14, these rejections are now moot. 
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Conclusion 

It is believed that all of the stated grounds of rejection have been properly 
traversed, aqcommodated, or rendered moot. Appllcarit therefore respectfully requests 
that the Examiner reconsider and withdraw all presently outstanding rejections. It is 
believed that a full and complete response has been made to the outstanding Office 
Action, and as suohp the present application is In condition for allowance. Thus, prompt 
and favorable consideration of this amendment is respectfully requested. 

If the Examiner believes that personal communication will expedite prosecution of 
this application, the Examiner Is invited to telephone the undersigned at (248) 641-1600- 



Harness, Dickey & Pierce, P.LC. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 
(248) 641-1600 

GAS/MRN 



Respectfully submitted. 



Dated: 2 September 2005 
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MEASUBEMErrr-BASED ADMISSION CONTROL 
IJTlUZiNG EFFECTIVE ENVELOPES AND <^EWICE CURVES 

BACKGROUND AND SUMMARY OF THE INVENTION 
[0001 1 The presont invention relates generally to network-based 
communication archftecture. More particularfy, the invention relates to providiiig 
controlled quality of service in packet-based networks through admission control. 

10002] Currentty much of the Internet is designed to provide "best effort" 
service. THe Intemet Protocol (IP) is designed to deifver packets of Information to 
an ultimate destination through any available internal links that enable delivery. The 
actual time it takes to deliver these packets depends on the route taken and the 

traffic (ingestion encountered ^roLrte.,Thep^^^ y 

focused on providing ultimate delivery, with the actual time to achieve delivery 
befrig only a secondary consideration, 

[00031 As the uses for the Intemet have grown» and as Internet traffic has 
expanded geometrically, the ordinal emphasis on delivery over timing is being 
challenged. With multicast applications and streaming audio and video applications 
growing in popularity, packet delfvery time has become a central focus. Quality of 
Sendee (QoS) is a term often used to describe the degree to which a 
communications network provides reliability, availability^ and timely throughput. 
QuaJity of sendee addresses issues such as transmisston speed, timeRness erf 
packet delivery, amount of jitter a network introduces into pacl<et streams, and- the 
probability of outright packet Joss. As businesses begin to rely more and more on 
their Intemet presence, some have expressed willingness to pay more for higher 

I 
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quality of service because the higher quality of service translates directly into a 
smoother, more responsive experience for their customers. Some internet jgervice 
£l2^i!^iIS-l^us qff6r_dlff^^ commit 
to provide different levels of service quality at different fee rates. 

[0004] There are many proposals for improving quality of service in packet- 
switched networks such as the Internet. Quality of service may be improved at the 
individual router level by making the routers faster and more intelligent. However^ 
this also increases ^j^erTi_oosL^ Other projo^^^ 

issue at the network model level. At the network model level, the performance of 
individual routers are largely Ignored; focus instead shifts to the aggregate 
performance of all routers in the network. One popular apprt>ach is to consider the 
aggregate network only in terms of its outer boundary or ©nd-to-end performance. 
Using such an analytical approach, the performance of the entire network, and the 
quality of service it provides, can be largely controlled by the behavior of the routers 
occupying the edge of the network (that is, the routers at the Ingress and egress 
points). 

[0005] There are several end-<o-end network models for controlling quality 
of sen/ice (QoS) in popular use today. Among the leading models are fntegmt&d 
Senricos (IntServ), J^utttPrqtocgl LapBl Sv^ching /MPLS)^ and pifferentiated y 
Sendees (DiffServ), IntServ supports a jP?5^?!V quality dseryw ^ 
employs a relatively complex architecture In which resources are reserved by 
means of a signaling protocol that sets up paths and reserves resources. MPLS 
provides another quality of service guarantee approach that focuses on padcet 
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forwarding. Packets are assigned labels at the ingress of an MPLS-compatible 
j domain. Subsequent classification, forwarding^ and services for the packets are 

then based on those labels. 
I [0006] Models!!,]! such as IntServ and MPLSlf,]] address QoS on a per 
connection basis and can present scalability difftculties. To provide better 
scalabilityp other models have been proposed that address QoS on a traffic 
aggregate basis. D/ffSeiv Is one example of such a model. DiffSen/ provides quality 
of service guarantees to packet aggregates by marking packets drfferentiy to create 
different packet classes/aggregates that are entitled to different quality of service 
handling. 

[0007] For the most part, aggregate trafnc-based network models share a 
number of common concef^. They begin from a premise that the network can be 
charaderlzed as having edge and core routers. The edge routers accept customer 

I. „ , , ^•jDelefced: Core 
traffic (i.e-. packets from any source outside the network). The core j outere jyoyide y ' ' 

transit packet fonwarding sendees among other core routers and/or edge routers. 

The edge routers control ingress of traffic and thus perform an important admission 

confrp/ function, by permitting or declining requests by outside traffic to enter the 

network. With the ultimate traffic flow being controlled by th© edge routersQJl 

through admission control, the core routers simply need to differentiate traffic 

insofar as necessary to cope with transient congestion within the network itself. The 

network models may employ statistical multfptexlng to maximize utilization of the 

core router resources. 
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[0008] Predicting and controlling traffic flow through a network at jo 
aggregate level is a very complex problem. Admission control algorithms that overly 
restrict ingress waste internal core router resources. On the other hand, admission 
control algorithms that are too lax can flood the network with too much traffic, 
resulting in severe 4r2Es_in _qu_ality^ of setyi 

algorithms have been pror)ose d and while, some jia\p been_q;jitP> ln^^ tfiere 
remains a great deal of room for improvement. 

[0009] For example, Centfnkaya and Knightly, in an article entrtJed "Egress 
Admission Control," IEEE Info. ComrtL 2000. describe a framework for ^scalable 
quality of service provisioning in which admission control decisions are made at the 
egress routers based solely on aggregate measurements obtained at the egress 
router They introduce a measurement-based servkje envelope as a way to 
adaptiveiy describe the end-to^nd service received by a traffic class, 

iL IQQIQL -^or a^nwe ran^ of the [nventiprij^ jte pb[eots and 

advantages, refer to the following description and to the accompanying drawings. 

BRIEF DESCRIPTIQM QF THE DRAWINQfi 
[0011] Figure 1 is a networi^ diagram illustrating an exemplary end-to^nd 
network model, useful In understanding the admission control algorithm of the 
present invention; 

I0Q12J Figure 2 is a block diagram illustrating the pertinent parameters 
associated with am'ving traffic and admitted traffic in a networf<; 
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[0013] Rgure 3a is a flowchart diagram of the presentty preferred admission 
control algorithm, iltustrating global effective envelopes; 

[0014] Figure 3b is a similar flowchart diagram of the presently preferred 
admission control algorithm, illustrating local effective envelopes; 

[001 5] Figure 4 is a graph illustrating the calculation of delay bound; 

[0016] Figure 5 is a timing diagram illustrating an example of a measured 
time Interval^ where T = 3t and M = 2; 

[0017] Figure ea and are gi^hsjllustratinja m^^^^^ II^ZIIZZZ] 
time 'nterval^Si qo msj y ^ — — 

[001 8] Figures 7a and 7b are graphs illustrating measured service envelope 
for time interval ^1 00 msj^and 

[0019] Figures 6a, 8b^ and 8c are graphs of average link utilization as a 
function of delay bound for three different scer^arios, for delay bound d ^100 ms. 



DESCRIPTION OF THE PREFERRED EMBQDrMFfvrr 
[0020] A measurement-based a dmission control aloorithm is based on thA 
global effective envelopes of an arrrvin g traffic aaowgate and upon the servicfl 
curves of the conresDondina departing traffic aooreQate. Suoh an admission contiYj 
ajgofithm is well adapt ed to a varietv of different network models. AlthQur|h fhA 
.algorithm will be orincipallv describe d Jn the context of a multi-router networic, th^ 
concepts emploved are equally applic able to autonomous network systems anj 
even switchinq devices. In a switchi ng device, for example, the switch 
hardware/software provi des for several input ports and output ports. The present 
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invention mav be used to c ontrol traffic flow amoriQ these rnout and outp ut ports. 
Therefore, this algorism is applicable to 'networks" of different architectural 
granularities, ranging from sinaf6<levice switches to laroe. multi ple-devif^ 
computer network domains. ^ 

[0021] Referring to Figur^H.]! 1» an exemplary network is illustrated at 10. 
Network 10 includes a plurality of edge routers, such as router 12 and router 1^^^,^ 
that are in turn connected to a plurality of core routera 16. For purposes of 
Illustration, ^dge /oytejj.2 Aerves as me jngr^.node 15, and. edge.router 14,,';:|^^^^n^ 
sen/es as the egress node 20. Am'ving traffic enters through the ingress nodeja ^y'^^^^^^ 
and departing traffic leaves through the egress node 20. as illustrated. 
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[0022] For purposes of illustration^arriyrng^aggregat^^^ 
a second network 24 via edge router 26. For purposes of illustration^ it will be 



assLimed that ^. tgffjc jyn_djtj^^^ 

arriving aggregate traffic 22 to within predefined bounds. The traffic conditinr.Pr^ A ^^l^™""'^*^^ N^teoid" 
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mav be located within th e second network 24 rsuch as in edge router 26). Tha .■' jj<>^"'»tted:Fbnt!Notgoid 

" " " LfiirinBtted; Font: Not Bold 

traffic condftioner or regulator 28 may b e ^plemented at the ingr^^ node 18 to 

force arriving traffic to comolv with the tr affic specification submitted bv the sender 

The traffic conditioner or regulator 28 m a v be modeled as a leaky hu^^^f that 

pnpyidQs a simple metering function. Ait emativefv. the traffic conditioner 28 may 

provide more sophisticated traffic sha ping functions where tha tpm por^] 

charaqterlstics of a traffio class are selectiv elv modrffftd bv defavino focal pa^t 



fonvarding, For purposes of illustration^ ^gjartng^^^^ ^^^.{^^^ 



router 14 and enters rtetwork 32. 
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10023] Network 10 implements an admission control function 34 to 
determine w hich of the packets of amving aggregate traffic 22 are admitted to the 
network 10 and which are blocked. The admission control function 34 may be 
localized in a single rbuter, such as edge" router 12. Altematively, the admission- 
control function can be distributed across the network, with the function being 
perfomfied byjTUJitiEte routere ^ 

34 implements an admission control algorithm that is based upon a global effective 

envelope 36 of the arriving aggregate traffic 22 and upon^rvlce.ojrves 38 of the . 

departing aggregate traffic 30. 

[0024] r^ure 2 Hlustrates network 10 vvith^rtlwng traffc^. admH*^^ , 

46. and departing traffic 30_being shown in greater detan. The figure irrtroduoea 
JSejms ttiat will be useful in underetand^lng the , 

£00251 Associated with arrMng traffic 22 is a deftermmistic envelope 42. The 
deterministic envelope may be characterized In terms of three variables: peak 
traffic rate, average traffic rate, and burst size parameter. The arriving traffic^ also 
is assumed to have an associated quality of service requirement 44. Typically each 
class of service would have its own quality of sendee requirement. Thus multiple 
QoS requirements are illustrated at 44 in Figure 2. The QaS requirements may be 
characterized by the following variables: probability of delay violation and delay 
bound. 

(00261 The admitted traffic 46 may be differentiated from the arriving traffic 
in that the admitted traffic_46 has already passed the admission control point 
and is thus currently flowing in network ID. When the admitted traffic 46 leaves 
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network 10, itjscaneldeparting traffic 30. Jh ^ 
with it a service curve or servic© envelope 48 that is measured by monitoring each 
packet's arrival time and departure time. 

[0027] One variation of the^EKjrnisgjqn cqntroj algqrithrnjuses tfie.ass^ 
deterministic envelope 42 of the arriving traffic 22 and the associated senrtce 
envelope 48 of the departing traffic 30_in making a decision whether to admit or 
deny arriving traffic ^_Figures 3a and 3b show the presently preferred aJjgorithm in . - ' 
flowchart form. A more rigorous mathematical derivation of the preferred algorithm 
is presented below. The flowcharts of Figures 3a and 3b make reference to specific 
equations from the detailed mathematical derivation, where applicable. A 
discussion of the ftowchart will be presented first, as a way of introducing the 
detailed mathematical derfvation that follows. Specifically, Rgure 3a applies to 
global effective envelopes; Rgure 3b applies to local effective envelopes. The 
content of these two figures is similar hence a detailed disousston of Figure 3a is 
presented below and may be considered applicable to Rgure 3b, except where the 
mathematical derivation differe, as will be evident by comparing the Figures. 

[0028] Refent>g to Rgure 3a. the preferred algorithm begins al step 60 with 
a request to be admitted to the network. As part of the request, the incoming traffic 
submits its traffic characterization, which Is expressed in terms of characterization 
parametere $2. The specific parameters used by the presently preferred 
embodiment are: 

■ Deterministic Envelope Aj'(t); 

■ Quality of Service Requirements, QoS; 



OetetettrBpfesantE 



Th8 



DcIcImJ; of U16 piesanHy prsfeired 
fttntaodlmeni 



■>aleU(li to meel the dSBlred QeS 
requiramantB 



8 



PAGE SWgS'RCVDATmoS 5:35:50 PM [Eastern Daylight Time]'SVR:USPTO^ 



SEP 0S 'i35 05:45Pri HARNESS. DICKEY & PIERCE 



P. 70/95 



Attorney Dgcket No. 9432-000129 



Delay Bound, d; 



Probabiirty of Delay Violation, £. 



[0029] Next, at step 64, the algorithm constructs a global effective envelope 
for the arriving traffic, based on the submitted parameters 62. fn the mathematical 
derivation that follows, the global e ffective envelope for arriving traffic is 
characterized as Gnaw. The Gnew envelope is depicted in Figure 3 at 66. As 
indicated by the dashed lines and bracketed notation, step 64 is performed using 
equations 3,8^.11. 



[0030] Jlhe_ajgqnthm .continues _ at _step 6 8.,whejg _^a_ globaJ effective_ ^^sl 



envelope for the admitted tralfi<^I,]] Is constructed based on measured statistJcs. 
Specifically, the measured statistics, listed at 70. include the average and the 
variance of the amount of aniving aggregate traffia In the detailed mathematical 
derivation which follows, the global effective envelope for admitted traffic Is 
designated as GJ^ . In Figure 3, this GjJ^ envelope Is shown at 72. 

[0031] The final admfssion control dedsion, step 74, is made based on an 
analysis of both fllob^effectlve envelopes 66 and 72, along with the service cun/e 
40 calculated using equation 4.5 and the algorithm shown in Table I below. 
Specifically, the adm/ssion control decision will admit incoming traffic rf: 



For a more precise statement of the above admission control condition, see the 
following detangidescripti^ and^ L"-P?'JpyLar..Egn. (3.1 
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Detailed Description of Prefen^ Admission Control Algoritlim 

[0032] A detailed description of the preferred algorithm will now be 
provided below. For purposes of illustration, a Differentiated Service (DS) or 



fi!^!^-?C^^l^*e?t^^©.w^^^^ b_8^assum_ed, The/jnyentton the y'^^^ ^^'^'^ 

architecture inasmuch as the admission control algorithm of the invention may be 
used with a variety of network architectures. 

[0033] in order to provide Quality of Service (QoS). the Integrated 
Serv/ces (IS) architecture iJ§es_a_sjgnaJin5_ j3rptq(»l_ up resource . 

reservations at all routers along the path. Since Ms approach requires that all 
routers have to keep per-flow state and process the per-flow resource 
reservations, this approach has known scalability problems. Differentiated 
Service (DS) is another approach to provide QoS, but without the restriction on 
scalability. Routers need onlyirnptemerit_scheduJ 

and apply them based on the DS Code Point (DSCP) presented In the header of 
arriving packets. The end-to-end QoS service across several domains Is buiit by 



A 



combining the per domain behaviors (PDBs) of individual DS domains. i>DBs. an 

active area of research, are constructed j3y_an appropriate daptoyment of per-hpp y'^^^^^^ 

fonvarding behaviors (PHBs). Several DS domains can exist within a single 

autonomous system (AS). PS .addresses. sjMtebijity^ b^^ qoS y 

guarantees on an aaQreoate t rafficjeyel._ .. {iM^Bga«Ba>a 

[0034] As discussed above, one of the critical requirements for service 
provisioning across a DS domain is fla]] thepresence of an effective Connection 
Admission Control (CAC). Such admission control can be utilized while 
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establishing dynamic service level agreements (SLAs) for premium service 
across DS network, or consulted upon re-negotiations of static SLAs, A 
Bandwidth Broker (BB) entity of a DS domain rs a typical place for such 
admission control. The difficulty involved irr designing mL^ftecflye CAC£,]] is that 
many solutions lead toward topologynjependent Implementations, thus limiting 
their scope and increasing their complexity- 

[0035] To implement admission control for DS without scalability 
problems, several researchers have proposed various forms of Endpoint CAC, In 
this design, the endpoints of a DS domain (ingress/egress routers) perform 
admission control and resource management. The routers measure traffic in the 
I network to detect the level of available resources and admit a new connection rf^ 
and only If. the detected level of resource is sufficiently high. 

[0036] The preferred embodiment provides a measurement-based CAC 
algorithm, which provides statistical QoS guarantees on a traffic aggregate level 
in a DS domain. The ingress traffic arriving at the boundary of a DS domain is 
assumed to be conditioned by the upstream domains, policed by our domain to 
adhere to the rules of an established SLA, and further marked with the 
appropriate DSCP. Leaky-bucket based policers, shapers and markers are 
widely proposed. As the DS arohilecture extends some PDB for a traffic 
aggregate, we call this traffic aggregate a class in a subsequent discussion 
(different from DS class). We target the PDBs, which offer delay guarantees to a 
classified traffic aggregate given both delay and delay violation probability. We 
,de§gibe^the dete^ i.e^.airiyjna ?Py?Lope3_ and .service..'' 
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envelopes, and the bound on performance characteristic a that c an be y'^ ^'*^-'^ 
obtainedII,Jl from those envelopes. We then derive a measurement-based CAC 
to establish dynamic SLA and provide statistical guarantees for a variety of 
service classes by exploiting the statistical traffic envelopes, called global 
effective envelopes and service curves. To obtain these envelopes, we use the 
measurement approach. The measurement of the service curves allows our 
admission control condition to work without the knowledge of the topology of the 
DS domain and cross traffic in the domain. 

[0037] Let us consider a traffic aniving to a network domain. The traffic 
enters the domain at an Ingress node 18 and destines to an egress node 20 (see 
Figure 1). In the foltowing we consider a contiruous-tkne fluid flowiiaf fie mtytei An 
amving traffic from different ftows is differentiated by its QoS requirements. Here we 
consider the probability of delay violation and the delay bound as the QoS 
requirements of interest. An artvfng traffic with the same QoS requirements, Le.. 
the same delay bound and probability of delay violation requirements, is treated as 



I a service dass. Hence, trafHc arriving ^to the dentin is Into Q classes. y'^^^^K. 

We use to denote the number of flows within a class q. 

[0098] The amving traffic from the flow j of the class * in an interval 
(t„/j) is denoted as A;(r„/j). We assume that traffic amval from each flow j is 
regulated by a traffic conditioner and upper bounded by a deterministic subadditive 
envelope (t) as follows: 

A'j(t,t+T)<AfiT} Vr>0, Vt>0. (2.1) 
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[0039] The arriving traffic is characterized by the deterministic envelope 
with a set of parameters. The most commonly used traffic regulators are leaky 
buckets with a peak rate enforcer. The traffic on ftow ; Is characterized then by 
three parameters {Pj,aj,p.) with a detemninistic envelope given by 

^f{T) = min{PfT, cr? + p]t} Vt S 0 (2.2) 
where Pf > p) is the peak traffic rate, p) is the average traffic rate, and crj is the 
burst size parameter. 

[0040] As a generalization of the peak-rate enforced leaky bucket^ the traffic 
on flow ] may be characterized by a set of parameters {<T%,p%)f^^^^^, with a 
deterministic envetope 

^^^^^ " A}"^'^ ^ ^^^J (2.3) 
where K] Is the number of leaky-bucket pairs. 

[0041] It is also noted that ftows from the same sen^ class can be 
characterized by different detemninistic envelopes, but stii! jiaye the same QoS . 
requirements. 

[0042J We use "'(r^fi) to denote the traffic from flow 7 of the class q 
leaving the domain at the egress node In an inten/al {t^,t^). We then define the 
I aggregate tiafffc of class q as follows: the aggregate of arriving trafficlLJl 
>^;/<,fri''a) = ^^>i;&i.'2) the aggregate of departing traffic 

= ^2^^r"('i''2) • For a time inten/^l of length we define the empirical 
envelope, E^^(T,fi) of an arriving aggregate of ftows from class 4, which is the 
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upper bound of the arriving aggregate in any time fnten/al of length r^j3 bs 
follows: 

^^/«^i^= sup (2,4) 

[0043] In the following, w© will focus our cfiscussion on the aggregate traffic 
of a single sendee dass and drop the index '^\)Ne will introduce the definition of a 
sen/ice curve and its application. We assume that there is no traffic in the domain at 
time ^ = 0. Therefore, for an aggregate traffic, the amount of backlogged traffic in 
the domain at any time t » B(t) . is given by 

Bit) - (0,0 - AS" (0, 0^0. (2.5) 
Also the ingress-to-egress delay suffered by the aggregate trafffc at time t is 
denoted by d(t) and is defined as follows: 

^(/) = mm{:;z>0 and A^(0,0£ Ar(0./ + o} (2.6) 
E>efinitlort of Service Curve 

[O044] Let 5(0 be a non-decreasing function, with 5(0)^0. We say that 
the domain guarantees the service curve S(0 for the aggregate traffic if for any 
time there exists s^t such that B(s) = 0 and a;"(j,/)>5(/-j), 

[0045] It can be seen that SCt-s) specifies the lower bound of the amount 
of the aggregate traffic needed to be senred and depart from the domain during 
some intejval {s,t) , where the domain is empty at time s . 

[0046] From the definition of sennce cun/e, the upper bound of delay can be 
obtained as follows. Consider a busy period of length^. Let s denote the starting 
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time Of the busy period, that Is, B(s) = 0 and (0, s) = (a . We assume that 
the domam guarantees the service curve 50), that is A7(^,r)s j), where 
s<t^ds0. From the definition of service curve, we have 
AT(s,t^d) = A;ri0.r'^d)-AAO,s}>S(t-i'd-s). From Eqn. (2.6), thus, A^O^t)^ 
A^' (0,1 i-d)>Af, (0, f ) + 5(r + ^ . Hence, fft^m Eqn. (2.4), 

A^ (s,t) ^Ej,(t-s;fi)>S(t'^d-s) (2.7) 
j IQMH, Pg^inrrig j= r -s_, Jt_jtq!iov\?.that,_for aH time i A? r.the_^?*a)r defined ./J^ 

in Eqn. (2.6) is upper bounded as follows: 

^ "^^^^ : z ^ 0 and £^ (T^jS) < S(T + z)] (2.8) 

j From Eqn. (2.8), rt iT2tgd_t_hat Jhe^upger bpun^^ 
horizontal dtstance between the amving aggregate envelope (£^(r,^) and the 
sen/ice cun^re S(t) (see Figure 4). ft is also noted that Is upper bounded by 
>^«to' which IS the maximum busy period of the aggregate traffic and can be 
detennined as: =.inf{r>0| S >i;(T)£5(r)}. Therefore, we will use B=B 
in the following discussions. 

IP0481 The preferred admission control algorithm exploits the detemilnistic 
envelopes and the sen^ice envelopes to obtain the upper bound of the delay 
experienced by an arriving traffic based on the worst^sase scenario where it is 
assumed that all flows send traffic with their peak rate simultaneously. 

[0049] In the next sect/on, following the concept of the described envelopes, 

we will derive a statistical service where a small portion of traffic is allowed to 

15 
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Violate the delay QoS requirement. We will use so called global effective envelopes 
to characterize anriving aggregate traffic for each class. Using these envelopes 

^ I Deleted; pertomi ] 
allows us to derive a CAC for statistical services which can be created InJ he same -h 

fashion as for deterministic services. 



ProbabiJistic Guarantees with Effective Envelopes and Service Cun/es 

[0050] In mis sectfon, we derive the probability of delay violation based on 
the upper bound of the delay shown in the previous section. We then obtain an 

admission control condition for a single sendee class by applying the definition of 

local and global effectiv^^envetoges joresem 

Liebeherr, and C. OottamakomI[.]L Effective envelopes: Statist'caJ bounds on 



tSFO 



multiplexed traffic in packet network^Prpceeqf/nffS of lEEB Jnfo. .Comm. 2000. Tg\ ./S^^^^tT 
Aviv. Israel, March 2000 (hereinafter -Boorstyn, etO al.")- We finally discuss the ^^" f^etcdrcQM M 
admission control conditions for multiple service classes. 



Probabilistic Guarantees withi.ocal Effective^nvelopes and Sendee Curye^ ^---f^^S^ 
[0051] Again we will first consider a single senrfce clas s, aliowina ua to drop 



the index An aggregate of arriving traffic from the same service dass Aj,{t^j^) X^^iSH^^ 
has the same probability of delay violation, s, and delay bound requirement, d. 
Aiv('jt^») are upper bounded by a family of nonnegative rarnJom processes 

which have the following properties: (1) Stationartty: the statistical y 
Foperties of do not change with tim e, and (2) Independence: The 

^t>(.h-ti) are stochastically Independent among all service classes. 
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^ ^Peicted: again" 



[00S2] Ut^£^^(r) denote the IngresMo-egress delay experien^ y 
of an aggregate traffic of the ^'<>wsjam\4n5 at t_h_e_<to 

that D^(T) Is a random variable. For a given delay bound d, the domain 
guarantees that the ingress-to-egress delay of any arriving bit will not exceed the 
delay bound d'JlJl that is. for all time f^O,0<r^B^, from Eqn. 
(2.8),Dj^(r) = min{z;z>0 and A^(tj -^z) < S(T+ z)} or, for all time />0, 
O^T^B^, A^(tj-^T)<.S{T'hd). The delay violation occurs rf 30f^ (r> such that 

I or, 3t such that ^ M fa*i»ait«i: justified ] 

Aj,(t,t-i-T)>S(ti'd) «-^-- (F&mttttBifc Centered ] 

[0053] With Eqn. (2.8). the probability that the arriving traffic expenences a 
delay violation is required to be bounded by 5 and we have, for all time / >0, 

l^[^y(T-)>^] - MA^(t,t + T)>Sit-^d)'] < e (1) ^ 

rrAT»*fL. * i PelcM; request • 1 

UAJiyvhena set of new flows jeauests the s ame service guarantees from a DS 

{ 

domairvJfi££AC uses^tf^^^^ admjssion.comrol tes^^ to ensure jhatthj&j^ 
service guarantees and other flows from all service classes can be 
simultaneously satisfied. From Eqn. (1), we can obtain the admission control 
condition for a single service class by using the definition of local effective 
envelope as follows: 
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Definition (Local Effective Envelope) 

[0054] A local effective envelope for A^{i,t-i-r) is a function that 
satisfies for all r 3: 0 and alU 

Pr[>l;,(f.r + r>^Ljv(T;f)]sl-£ 
It can be seen that a local effective envelope provides a probabilistic bound for the 
aggregate traffic (r. t ^ r) for any specific time inten^al of length r . 

Lemma 

[0055] Given a set of flows that is partftioned into M dasses, ^ai^, class y 
contains N„ flows with aggregate anrivalsl[.ll A^^. Let L^^(r.^) be the local 
effective envelope for dass m . Then the following Inequality holds: given 

am i; Cr, s)<x. then for all t . A^^(U'^t)>x^^M ^e. 

We divide flows from the same service class Into two categories^ i.e, Af = 2. The 
I first group is the set of flows, that are already admitted to the domain. The 
second group is the new set of flows, K, requesting the QoS service from a DS 
domain. We denote as the local effective envelope of the first group and as 
the local effective envelope of the second group. 



Admission control condition for a sfngle service class ' 

{ 

[00561 4!ging-?ie definition 
from Eqn. (l)fl,]l we have that the arriving traffic has a defay violation with probability 
<ff if 
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J00571 Jf^ _f qr_ the_sam ^_sejvice_class^_th e set of n_ew flows ajejQgy lated by^ ,j 

drfferent deterministic envelopes , each set of flows sharino the same A] have a 

- — — 

different envelope £4^(sfy), where ^e. 2- Therefore Eqn. (2) becomes 

(r.€/2) + JlLi^ir.Sj ) < 5(t + rf) , for 0 < r < 5^ (3) 
J 

r0O581 The CACJn_Eqn.^{2i dpe? not depend on th_e_tppplogy of ,the domain . - 
and the scheduling algorithms within the domain, tHJt the measurement-based 
traffic-characterized envelopes, which can be measured at an ingress and an 
egress node in a DS domain. 

Lx>cal Effective Envelope using Measured Moment 

[0059] We consider a set of admitted flows, We charac^rize the 
distrfbutton of the aggregate traffic using the Central Limit theorem, which does not 
I require ^qwledge of the undertyhg djslnt^^^^ of each flow. /^,apj)jojd.rnate local 
effective envelope of the aggregate traffic can be ot3ftafr>ed from the Central Umit 
"meorem as follows [1]. From the definition of the local effective envelope, we set 
Vi[a^ (r,r + ^ > jt] « /2 and we obtain^ 



L^(T;£/2)^X(T) + zcr(r) 



(4) 



, \ Deleted! [OQStT 
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' Ddetfidi ft ^ required to conetnjct 
their 



A 



A 



ihe 



where z has the approximate value z «-^|log(2^, arwi Xir) and <r*(r) are 

measured average and variance of the amount of aggregate traffic, respectrvely- 
We will discuss those measurements in the next section. 

[0060] Since the number of new flows may be )ev^ _the_ Cenfral Umrt^.//- - f oeietiedr 
theorem may not be the appropriate choice for constructing their local effective 
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envelope, i.e., the bound oWained may not be tight enough. Instead, we will use the 
Chemoff bound, which provides a^more rigorous bound on the aggregate traffic. 
The local effective envelope of a set of new ftows, can then be obtained by 
using the Chemoff bound, and is given as follows: 
Recall the Chemoff bound for a random variable Y : 

Pr[y2:>]<c-^E[e^] Vj>0 (5) 

We have 

Pr[Aj,(r,r + t)^KxU e^'^M^ (x.r)I[.lL (6) 
where is the moment generating function of the aggregate traffic. 

f 

[0061^ if) BocMstyn, e|[.]l aL^ _M^ (j,j) is derived and given i n terms of the //.'{pejetedi tsm 



,{ 

determlnlst/c envelopes of the ftows. which are t he teaky bucket funetinn 



Deleted: 
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case, s Is chosen so that Eqn. (6) is minimal. These values of j and M v(j,r) viekj 
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Meted:. 



£(£/2) 



where a'j. (t) fs a deterministic envelope for each new ftow. 



(7) 
(8) 



yteu 



Ddeced:B 



Admission control condition for multiple service classes 
[0062] The admission control condition in Eqn. (2) does not^uawitee that 
QoS requirements of other senfloe classes jjstng the same_ [njiress-to-ggryy a path 
will be satisfied If a new set of flows is admrlted into the domain. To be able to 



^ {Pdteted: pifoWda the 



provide fflatguaranteq, without Jp^ _qf jgene/alrty^ we assumejhat the new flows, jpeietedit 
have the highest priorftyj, and we test the admission control condition for ^ach of t hg , 
service classes. This can be shown as follows. For each servrce class we obtain an 



their 



all 
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arriving aggregate traffic envelope L%^(r,€j2) and a service envelope S'i^). 
From Eqn. (2), the new flows with an arriving envelope L^(r,£^/2) will be 
admitted if the following condition is satisfied: for alt service classes g , 
(r,^, /2) + 4^ (r,£^ /2) < S'ir^d^) , for 0 ^ r i 5^ (9) 

[0063] In this section we show oar CAC, whfch deperKls on the 
measurement-based envelopes {L^i'\e) and In the next section we show 
how to obtain these envelopes. 

I Probabilistic Guarantees with Global Eff ectfve Envelopes and Service Cun/es ..^ ^Pcjetedzfinjaiaa^ 

[0084] In this section, we derive the probability of delay violation based on 
the upper bound of the delay shown in the previous section. We then obtain an 
admission control condition for a single service class by applying the definition of 
global effective envelope presented i n Boorstvn. et aj > We finally discuss the 
admission control conditions for multiple service classes. 

[0065] Again we will first consider a single service class and ^rqjth^^^ y 
An aggregate Of arriving traffic from the same service class I'n the Intervaf 
('i>^2). Af,it^,t{)^ has the same QoS requirements: probability of delay vioiationO 
bM and delay bound requirementnj d . Aj,{t^,t^) is characterized by a family of 
nonnegative random processes, which igve^jhe^foltow'ng^p^^ y 
Stationarrty: the statistical properties of A^^^t^^t^) do not change with tim e, and (2^ 
Independence: The Af^it^.ty) are stochastically independent among ail sen^*ce 

^ ^Peleted; again ] 

classes. Consider an interval of length of the maximum busy period p . Let D^, (r) / 
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again^danote the ingress-to-egress delay experienced by a bit of an aggregate 

^ ^ fpeiete d: which 

traffic Of the N flows ^^/iyinja at the domajn at time during the busy period. VVe . " ' ' ~ 

assume that (t) is a random variable. 

[0066] For a given delay bound d , the domain guarantees that the ingrfess- 
to-egress delay of any arriving bit will not exceed the delay bound rffl.Jt that is, 
from Eqn. (2.8), for all t , 0 £ t < ;? , 

Z)^(/) = inin{zu>0 and sup A^{uti'T)<S(T'^ z)] <d (3.1) 

or, for all t, 0<r^ j3, 

sup A^(f,t + T) = f^(T;>?)£S(r+rf). (a2) 

The delay violation occurs if BD^(r) such that 
or, 3r,T such that 

sup i4^(f-,f + z-)>5(r+d) 

With Eqn. (3.2), the probability that the arriving traffic experiences the delay 
violation is required to be bounded by ^ and we then have 

Pr[D^(0^rf,V/,r] - Pr[^^(r;^)^^(f + ^),forallr.0^rs;9] < 1-^ (3.4) 

£Og§ZI_iLAllS uppQSe a set of new flows jeauests ihe s ame .sejvfce^.//- ^ petoe^ 

guarantees from a DS domain. The CAC uses the admission control test to ensure l^^^^i^^ 
that the requested service guarantees and other flows from all service classes can 
be simultaneously satisfied. From Eqn. (3.4)I[.]1 we can obtain the admission 
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control condition for a sjngi© service class by using the definition of global effective 
envelope as follows: 

Definition of Global Effective Envelope 

[00681 A global effective envelope for an inten/al of length fi is a 
subadditive function (r, fi, e) that satisfies; 



It can be seen that a global effective envelope provides a probabilistic bound for the 
aggre^te traffic (r,/ + r) for eveiy time interval of length r \n j3. 



[0069] AsetpUpy^s^^jpzmc^ into cl_asses,.and each class rontains.. 



N„ flows with aggregate arrivalsO A^^, Let G^Jr,fi,e) be thejiobal effective 
envelope for dass m . Then the following inequality holds; given x, 



We divide flows from the same sendee dasa into two categories, l.e.^ Jlf = 2 . The 
first group is the set of flows, /v, that are already admitted to the domain. The 
second group is the new set of flows. requesting the QoS from gallthe DS 
domain. We d^Krte G^, as the global effective envelope of the first grt)up and 
as the global effective envelope of the second group. 

Admission Control Condition for a Single Service Class 



Lemma 
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10070] iMoaJh© M'nWpn.qf.the ato^^ jhejemma,.. 
from Eqa (3.4)0 we have that the arriving traffic has a delay violation with 
probability < £ If 

(T,/3,e/2) + G^^{t; fi. Bll) ^SiT-^d) , for 0 £ T < B (3.5) 



^ ^Pdeted; From 



, ^ [ Dele ted! [DQTi] 

£00711 ^tii?r.MfarpeAejYice dass^ n_ewjjgws_aje jegulated by -feS^T^J^ 



different deterministic envelopes A] , each set of f bws sharing the same >i ! reouire ^ 

T, « /.j—rrzT^ir/ ^ 

a different enveloeg G,^^0;A^,), where J,e^^$I2. Therefore Eqn. (3.5) 



Oeletatrwnjchhave 



Defeted: >t is requtrod to conoUuct 
trwir 



becomes: 

G^(r,^,^/2)+XG^(r;y?,f^)<j(r + <^) .forOSr^B (3.6) 

J 

jgOZ21..TdeCAC.inEftn,Xa5J.dgesAQt.d^^^ 
domain and the scheduling algorfthms within the domain, but th© measurement- 
based traffjo-characterized envelopes, which can be measured at an ingress and 
an.egtBss nod© in a DS domain. 

Constructing the Glotial Effecth^e Envelope 

[0073] We consider a set of admitted flows. N . We characterize the 
distnTHition of the aggregate traffic using the Central Limit theorem, which does not 
require the knowledge of the underiying distributions of each flow. An approximate 
global effective envelope G„iT,0,E)di the aggregate traffic can be obtained from 
the Central Limit Theorem as follows. From the definition of the global effective 
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envelope, we set Pr[£:^ (r. /?) > jc, vo s 7 £ /?} « f . For given t^,^ then have, 
for every integer k , 

ir./3,£) » a[X(ik + 1)r/^)+ z'a({(k + 1)r/Jfe)] , Vretr^,)?] (3.7) 



where a = i+1/(/:-h1), z' has the approximate value z' = yjlog(2^^ with fi^ = 

T^{a-\)el0c, and_A:(r) and cr^(r) are measured average and variance of the 

amount of aggregate traffic, respectively. We will discuss those measurements in 
the next section. 

[0074] From Eqn. (3.4) it can be seen that there are several possible global 
effective envelopes. For given t^,0, the method recursively calculates t he y 
, a,, and for 1 < i < n , where t„ is the first point which is greater than ^I[pJL We / 
can therefore o btain n points of a global effective envelope as follows: 



or. ^5^1+- 



(3.8) 

(as) 

<3.10) 



and, from Eqn. (3.7), 

(r,; A i:) ^ tar, +1)r,/A:J+z'a{(^, + / Jfc, )] (3.1 1 ) 

where z « ^|log(2;a?)| . 

ro0751 For_a_set^of^new flpy\ffij pne_can obtain the gtobaj effectjve envelope, ^ " ' 
of the new flows by using the same recursive method as follows. However, 



calculate 



tnerefora w 



[uu/bj 
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instead of using th© measurement-based and a^(T)iL,Jl in Eqs. (3.8) and 
(3.11)^ 'X(j) = Kpj^T and ^^(t) = ^p^r(>i;(T-)-/7^r), where is th© long-term 
average and A" (r) is a deterministic envelope for eacii new flow. 

Admission Control Condition for Multiple Service Clas&es 

^ 4 Deleted: provide tha 

[0076] The admission control condition in Eqn. [32) does not ^uararitee 

^ {Pe«eled:use ) 

that QoS requirements of other service classes jjsirig the samejnflr©ss;to;egres3_^-^ 
path will b© satisfied if a new set of flows is admitted into the domain. To be able to 
provide their guarantees, without loss of generality, we assume that the now flows 
have the highest priority and we test the admission control condition for all the 
service classes. This can be shown as follows. For each service class w© obtain an 
arriving aggregate traffic envelope G^ (T\fi,s^/2) and a service envelope 

From Eqn. 0.5). J^w flows^ which have an arriving envelope G!„,^(r,>?,f/?)^ wilf ,>- [orietedT witf^ 
be admitted if the following condition is satisfied: for ail service classes q , 

<?X,(7;Af,/2) + C^(r,jff,ff^/2)^5*(r+rf^),fbrOSTS/? (3.12) 

In this section we show our CAC, which depends on the measurement-based 
envelopes (Gf, { ;j3,e) and Si ) ). In the next section we show how to obtain these 
enveiOjDes. 

Measurements of Perspective Envelopes ^ 

[0077] In this sectior\ we_sh<w hw 
parameters for constructing the global effective envelopes of the am'ving aggregate 
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traffic and th© service envelope of the departing aggregate traffic for a single 
service class. First we measure the average and variance of the amount of arriving 
aggregate traffic, which are used in Eqn. (3.3). We then measure the service 
envelope of a single serw'ce class traffic. At the end of this section we show the 
admission control algorithm that we will use in the evaluation example below. 



P.^/95 



Measurement of Aggregate Arriving Envelopes 

[0078] We are interested in the aggregate characteristic of an am'ving traffic 
at ingress node. To characterize the aggregate traffic as a Gaussian process, we 
need to measure the first and secorKi moment of the amount of traffic arriving at the 
ingress node. Let A^Cr^rj) denote the arriving traffic from an aggregate flow in the y 

' " " " " T . 

inten/al (t^j^). Consider time to be slewed with equal length rH^Jli i.e., for MPEG 
sources, wb can think of r as the frame time. We also divide time into M large 
intervals whose length is T (^e Figure 5), For the m'* interval we obtain the bound 
of an am'ving trafficH,!! XJ^ as a function of time fnten/al kT. lhB bounded amount of y 
the measured traffic over the rrf^ Interval of length T from the cunrent time t can be 
obtained as follows: 

uw 4^-/w7'+«r,/-/nr+(n + jfc)r] (4.1) 



for/n=1, ...,/Wandff=1 — . 

r 



Meted: We note mat in, the 
Mmge and vari arte« of arrhrlng 
treffic rate ar« mosaured, while h«re 
wa maasure the averaae ar^ the 
variance of iha amount ta an a/rtvlng 
traHfaL Again W 
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lime t. 



belebedi Then the 
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^2SZS^,_T^"^.^Pr„^_^^^^^ bounded envelope XT is obtained. 

From these envelopes we can obtain the average and the variance al of the 
measured envejopes as follows: 

^*=i;^r (4.2) 

and 
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ro08Q\ ^ _7; j_ _and_ . are the key. paranieters for tiie_ rne^u/ement.^^ ^^.^ Pefated: flgmaifc 
improper chotee of r, r, and M may lead to inaccurately characterizjnathe. ^ , , { petefat: « 
arriving aggregate traffic and consequently overestimatinfljhebandwjcft^^ 
by connections. We varied these parameters in our approach arKi found that our 
approach is not very sensrtive to .Buch changes. Purtlier djsqjsston of how to 
choose the parameters can be found in C. Cetfnl<aya and E. Knightly[[.IL Egress 
Admission ControlIf.IL In Proceedings of !EEE Jnfo, .Comm. 20 00^ Te[ Ayiy^ lafflAf, 
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March 2000; and D. Tse and M. Grossglauserfl.JL Measurement-Based Call / t!;l 

Admission Control: Analysis and SimulationI[.]L Proceedings of IEEE Jnfq, J i''/f^S7 



Deleted: ( 



Comm. 1997, Kobe, Japan. April 1 997. 

[GOBI] We provide an example of an arrival envelope from a simulation iV// 
experanent in -Fiaunes fa and ^b. In Figure we jslot^ th*^ ATj^'J? of arrival J^-- 
aggregate traffic as a functfon of time interva L while Figure_^ 5*Ppicts the .arrival jpctetofc 
aggregate rate as a function of time interval. The simulation consists of 120 
multiplexed Independent MPEG-2 video traces. These traces are obtained from the 
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movie "Starship Troopers" ("Starshipf'), Starshtp has ^ peak jat_e ofJ8.6336_!y^^^ 
and m.^yerajge rate of 4.26 Mbps. The frame rate of St^rshp te 30 
second. This type of traffic has ajarge peak-to-mean ratio, indicating significant 
burstiness. From Figure 6, the am'ving envetope and arrival rate are significantly 
smaller than the peak envelope and peak rate, respectively. This Is due to the 
statistical multiplexing of the traffic aggregate. As the figures show, given a long 
time Interval, the anwunt of the arriving traffic and its arrival rate decrease toward 
the average rate. 

Measurement of Agoreoate Service Envelope^ 
[0082] Consider traffic arriving at a DS domain at an ingress node and 
leaving at an egress node. For measuring service envekDpes, we assume that the 
docks rn the domain are synchronized. We consider Si^cket, system v^^^^^ 
packets are senrfced at discrete times rather than continuous times. Each packet 
arriving at the ingress node will be time-stamped, Hence^ at the egress node, we 
are able to determine the ingress-to-egress delay of each packet Let denote the 
arriving time and denote the departure time of the /" packet We consider this 
traffic to be backlogged whenever at least one packe t_jemains in the system. The 
backlogging conditton can be checked by comparing the amving and the departure 
times of packets. Traffic is continuously backiogged for k packets in the interval 

^s^m > <^j^^n , for all 0 < w < Jt - 2 {4.4) 

fork^l. 
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122921 '"St containing (x^slix)) pairs which 

represent the amount of tim©^j*(;t) required to service x bits when considering the 



^ { Deleted! the nuffttfl r of 

packet j with jLbacklogged packe^ MaJO Jf^psider An Pi ien^t?) _7^_which_./.^ fptfrted; 

contains the totaf number of arriving packetsH.]] n. For packet we consider the 
cfelay of the packet and also the delay of the packets backlogged after this packet. 
We thus can define S* (x) as follows: 

^*W = ^M-i-<iy (4.5) 

for all k ^ 1 jvhich satisfy t he backjogg^lng condition^ 

A bounded service envelope can be obtained as follows: 
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x(S]) <- Si2e(paci6ei(/» 
A <-2 

xc^;) x^;-^) +^(packci(;+*-i» 

A <- * f 1 

far J B Oxia^±f$ervEnv) -)) 00 0 
if(JcClJ<*-I]) 

itemove { jc(i - 1], S[i - 1]) 

Using StcfvEav C9p)ot a OCfvice firtv^lgpc 



Table I Bounded Service Algorithm 



ffifiS*! .%ui:ft7g_8hows _a. sen4ce envelope.of an _agSFegate_of. departing - -(DSSSj^ — 
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traffic obtained from a simulation. The simulatton consists of a node with a 622I[-J1 DeJeeed- a 
Mbps Jink and the same number of sources (Stdrship) used for Rgure 6a and 6b. K 
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IS noted that the envelope is an Increasing function. In addition, Figur^_7b_depjcts^.^^^ { pg^ted: ( 



the slope of the service envelope. The slope of the envelope indicates variation of ^N ^^l^il* 
the service rate for the burstiness of the arriving aggregate flows. 



Admission Control Algorithnri using local effective envelopes 

I. To request the CtoS for its traffic from a DS domain^ the user submits to a 
BB its traffic characterization containing /l*(r), QoS requirements, rfand 

a. CAC constnjcts a local effective envelope, l^, based on the submitted 

parameters by using Eqs. (7) and (8). 

JD. CAC then uses the measurement of the average and variance of arriving 

traffic to constnjct local effective envelope s for admitted flows . UL , from 
^ ^ _'J_ ^ 

Eqn. (4). 

IV. CAC finally makes an admission control decision based on L . Lt . and 

Obtained from the previous section^ ^ T!??.repijest is _accepted_ If the ^-I'- fpeirtHd; section be fooowg 
condition in Eqn. (9) Is true. 

Admission Control Algorithm using Global Effective Envelope 
I. To request the QoS for its traffic from a DS domain, the user submits to a 
BB its traffic characterization containing Aj(r), QoS requirements, dand 
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If. CAC Constructs a globaJ eff©(^'ve envelope, G^, based on the submitted 

parameters by using Eqs, (3.8) - (3.1 1 ). 
m. CAC then uses the measurement of th© average and variance of arriving 



{ Meted: anotheT 

traffic (obtained from Eqs. (4.2) and (4.3) respectively) to construct jglobal..^" 
effective envelopes for admitted flows, C^^^ , from Eqs. (a8)-(3.1 1). 

IV. CAC finally makes an admission control decision based on , GJJ , and 



A Pelcted; 

5 " obtained from the previous sectiory The reguest fe acce|3led_ if _the^ ^/Z- H PeteteASecticft^ follows 
condition in Eqn. (3.12) is true. 
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Evaluation and Simulation Results 
[0085] In this section, we evaluate the effectiveness of our CAC condition. 
We consideca case w/here ali j\QWS^ are A9ni?Q^nA«>M3i iS*.. §!! flPY^. §at|sfy _the^ 
same detemiinistic envelope and require the same delay QoS guarantee from a DS 
domain. Starship is again used as a traffic source. For simulations, we set the 
probability of delay violation f = 10"* and vaiy the delay bound requirement d . We 
consider a DS domain, which has an egress node with a link capacity of 622 Mbps 
(C= 622 Mbps for all simulations). All links in the domain hav§^ the same caj>acity 
as 4he egress Ijnk. Eadi node _ha_s_a FJFp_sc^.eduter, We consi_der three sc»narfas ^ 
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Where the number of nodes and amount of cross traffk? in the domain ar^ c hanged y'"^^^^^ 
as follows: / 
I. The DS domain consists of a node without any cross traffic (see Figure^. 
IL The DS domain consists of two nodes without any cross treffic (see Rgure 

M- 
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lh& DS domain consists of three nodes with some cross traffic (see Figure 

' Deleted: ( 

Note that in configuration ill, we^ 40 flows of Starshio as cross traffi c requesting^ ' iDeiettd:) 



the same QoS requirements asjhe man traffic. 
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[0086] We will evaluate our approach ('Approach') by using the CAC ^,L22^£^ 



Deleted: of 



algorithm described above. Asia^nchmarks fqr_our app^^ ^.^{^^SnhT 
two of the following approaches and a set of simulations ('Simulation'). First, we 
consider average rate allocation ('Average Rate'), where the maximum number of 
admissible flows is determined by the link capacity divided by the long-term 
average rate of each flow and, therefore, the average link utilization for this 
approach is unity. Second, w© consider the peak rate allocation ('Peak Rate*), 
where the maximum number of admissible flows is detemnined by the link capacity 



j divided by the peak rale of each flow. For simulatio n PtJrDose3. _eac^_flgw gtarte^.^^^^^^ 
randomly sending traffic Into the DS domain. Many simulations are performed. The 
average result of the eimulatron is presented. We compare the average link 
utilization, . obtained from eadi approach. is defined as follows: 



AT 

U =i2i 



where Ar is the number o fjx)nnectiQns admitted to the domain, Is the long-term y 
average rate of each flow, and C is the link capacity at the egress node. 

[0087] Rgures 8a-8c show the three scenarios we investigate and the 
corresponding results where the average link utilizaiiorvjSa_ function ^_t_^^^ deby 
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bounct_FrqmJhe_rGAqlts^the g^cl our 

approach is considerably higher than the one obtained by the peak rate allocation. 
This shows that the simulations and our approach can exploit the multiplexing gain 
from the traffic a^regate and, hence, yielcthighJLnk^utilfeatjon.^F^^^ 

£i9yx&^' J9L Pa ^?\^y. ^yQ? A A^?_?'?lM!?t!P_n. ^Dd.wr ai^prpach ^ield ./J'.' 

86% of the link utilizatiorvjflchile *e peak rate ajlocation can only achievQ^ 2%. In 
addition, the results show that our approach can acctjialely characterize amVing "^iS, 
and departing aggregate traffic. Rguros 5b:8c_show _that_ pur can V 

xletermine an aoaurate oondition ^ ^^v; 

underlying topology and cross traffic, and yield Jink,uli1izafen dqsA to 
results. \ \'P> 

[0088] From the foregoing It will be appreciated that the /neasurement- *^\\ 
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based admission control algorithm ^MoitSufl'obaj effective envelopes and 
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servfce envelopes to accurately characterize amving and departing aggregate \\\f^^^ 
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traff Iq, JJw5 CAC aiaqrithm is tunabje thrpugh.a set of pararpeters. Jhe.algprithrn \\ 
is scalable and can support a variety of service classes. We showed the 
effectiveness of the CAC algorithm by comparing the link utilization obtained by 
the algorithm to/esylts fipni^Lnjulatipns.^ VyhHe the invention has been described ^ 
in Its presently preferred form, it will be understood that the principles of the ' 1 
Invention may be applied to^nanii£Be!isati^ <rf 
the algorithm can be varied without departing from the spirit of the invention as 
set forth in thej:dalms. 
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